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Influence of Balloon Size and Stenosis Morphology on Immediate
And Delayed Elastic Recoil After Percutaneous Transluminal
Coronary Angioplasty
CLAUDE HANET . MD, WILLIAM WIJNS, MD,* XAVIER MICHEL, MD,
ERWIN SCHROEDER, MD
Brua.,dr and F,„ir. BOA-',
After successful coronas' angioplasty, the minimal luminal diatm
m e of the dilated coronary artery segment is gmeraly smalkr
than the diameter of the largest balloon catheter at the maximal
inflation pressure. The determinants of this phenomenon were
studied in 28 patients, Biplane angiograms were obtained after
intracorosary administration of istisurbide dinitrale 11 mgt be-
fore, immediately and 24 h after coronary angioplasty . Balloon
and coronary luminal diameters were measured by automated
contour detection .
Immediately after the procedure, the difference between in .
Bated balloon diamelcr and minimal lamina] diameter averaged
0.93 ± 0 .43 mm for the entire group and was greater both In
eccentric stenoses (1 .13 ± 0.39 vs. 0 .70 ± 0.36 mm ; p < 0,01) and
after angioplasty with an oversized balloon (1 .20 ± 0 .37 vs. 0.71
± 0.33 mm; p < 0 .105). At 24 h. Ore balloon - minimal lamaal
Despite the excellent functional results of percutaneeus
Iranstunrtnal coronary angioplasty . the immediate angio-
y.aphic result is generally characterized by persistence in the
dilated segment of some degree of residual stenosis . Indeed .
it is commonly observed that the minimal luminal diameter
at the site of the dilation remains lower than the maximal
aflated diameter of the largest balloon catheter used III .
Several mechanisms could explain this phenomenon, includ-
ing vasoconstriction, subintimal or intraplaque bleeding or
edema and platelet or thrombus deposition . In addition .
whenever balloon inflation results in overdistension of elas-
tic components of the arterial wall, some degree of elastic
recoil may occur .
The purpose of this study was thus to evaluate the role
and magnitude of elastic recoil after coronary balloon angio-
plasty in rotation to lesion morphology and other pertinent
procedure-related variables . We used quantitative coronary
angiography to measure the absolute changes in lumiaal
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diameter dill was unchanged at the group level 10,86 ¢
038 nml, but the minimal luminal diameter Increased sinnifi •
eaody in the subgroup of coronary segments dilated with an
avers-red balloon (1 .97 t 0.37 vs. 1 .81 ± 0 .28 mm ; p < 0.05).
Thus, the difference between the minimal diameter of a dilated
coronary segmem immediately after a successful coronary balloon
angioplasty procedure and me mastoid diameter of the Inflated
balloon catheter is dependent both on eccentricity of the stenosis
and on the baltaonlarterry, diameter ratio . Moreover, the increase
he minimal handrail diameter 24 h after angioplasty performed
with an oversized balloon suggests (hat in addition to elastic recoil,
partly reversible factors related to vessel borotraama are in-
oohed.
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diameter Occurring at the dilated site during the first 24 h
after angioplasty. To minimize the influence of vasomotor
tone, all angiographic data were obtained under standardized
conditions including local infusion of nitrates .
Methods
Study patients . Twenty-eight patients (21 men and 7
worsen; mean age 59 ± 8 years) undergoing successful
elective single-vessel transtuminal coronary balloon angio-
plasty for angina pectoris were studied . All cardioactive
medications had been interrupted for ?2 days before the
procedure . All patients gave informed consent and no com-
plication resulted from the study protocol . which w"s ap-
proved by the Ethical Committee of our institution
.
Study probed . All procedures were performed with the
"bare wire" technique and "monorail" catheters (Schneider
Europe) mounted with polyvinyl chloride or polyethylcne-
terephealate balloons (2) . An intraarterial bolus injection of
10 .0110 U of heparin was given at the start of the procedure
and was supplemented by an additional 5,000 U every 30 min
up to a cumulative dose of 20,000 U .
Before angioplasty- two angiograms . i n
projections as
wear orthogonal as possible, of the arterial segment to he
dilated were obtained after intracoronary infusion of I mg of
viin .nn7,91/s3.50
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isosorbide dinitrate- Angulalim of the X-ray equipment in
both transverse and vaginal plants and the height of the tchle
were recorded for each angiogram. Care was Lien to hove
the tip of the catheter not filled with contrast agent dearly
visible in the center of the screen at the beginning of each
angiogmphic sequence. The angicjvlasty procedure was then
performed according to the standard procedures and habits
of the :ahoralory 13 .4), the operator bring free to choose the
type and size of the balloon catheter. inflation time and
pressure . A film segoence of the largest balloon catheter iii
the maximal inflation pressure filled with
Sb`7r
contrast
medium was obtained in all patients in a single
p
rojection . A I
the end of the angioplasty procedure- an intraeoronary
injection of I ntg of isosorbide dinitr t was repeated and
angiograms of the dilated segments were obtained irr the
same projections as before. After completion of the proce-
dore, the femoral artery sheath was left in place overnight
and perfumed with heparin (1,000 Uth) . Nitrate, were given
either in,ravenously' or as a long-acting oral preparation- No
aspirin, calcium channel antagonists or beta-adrenetgic
blocking drugs were given, The next day (range 19 to 31) h
after angioplasty),
	
catheter was reinserted through the
arterial sheath and angiograms of the dilated segment la
exactly the same protections were again obtained after
intraeoronary injection of I mg of isosorbide dinitrate . The
sizes of the catheters were measured with a micrometer
accurate to 0 .01 mm after each catheterization procedure .
Data analysis. Angiographic measurements were Per-
formed with the
computer-based
Coronary .Angiography
Analysis System (CAAS, Pie Data Medical, Maastricht, The
Netherlands) (S) . The coronary luminal and balloon diame-
ters were measured with use of automated contour detection
algorithms. The accuracy and precision of such measure-
ments have been previously reported (ti) . Cine frames mere
selected at end-diastole if possible at near end-diastole when
necessary to avoid overlap of the segment to be analyzed
with other ves d : . The shaft of the catheter 2 to 3 em away
from the tip was used for calibration purposes . Luminal
dameters were taken as the mean of the measurements from
two near orthogonal views . The percent diameter stenosis
was computed by comparing the minimal luminal diameter at
the site of the stenu,is with the computer estimation of the
original arterial dimension fintcrpvlated reference[ (51 . In
addition, the dilated sites were divided into sabsegments to
evaluate the contribution of prestenotic and posrtenotie
segments in the changes in luminal diameter observed after
angioplasty . Angiugraphic success was defined as a >209.
increase in luminal diameter with a final diameter stenosis
<50% (7) . Patients with spiral or hneardtssccuons entendmg
beyond the estimated borders of the vessel were not in .
cluded .
Lesion morphology was visually assessed by two experi-
enced interventional cardiologists with respect to its location
at a bend point (8), eccentricity versus concentricity, length
and presence or absence of angiographically evident cal-
cium . The criterion for eccentricity was that the stenotic
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Figure L Mean (-nSDI reference ton hers) and minimal (hatched
hard laminel diameter of (he Mated coronary artery segmem,
hefu!Y, immedia^_l) end 24 h after coronary angioplasty IPfCAt .
lumen appeared to lie within half of the supposedly normal
lumen of the vessel in at least one projection (9) . Stenoses
were classified as long when their length was >2 vessel
diameters . The diameter of the largest balloon catheter was
measured at the maximal inflation pressure . This diameter
was compared with an imerpolated reference diameter of the
coronary segment before angioplasty and with the minimal
diameter of the dilated segment immediately and 24 h after
the procedure. Oversizing was defined as a balloon/
inerpolated reference diameter ratio >1 .
Statistical analysis. The unpaired Student's t test was
used to compare the differences between balloon and coro-
nary Iumlnal diameters in pairs of groups formed according
to demographic, morphologic and other procedural varia-
bles . Change, in luminal diameter withinr groups were as-
sessed with a paired Students r test: differences between
groups were assessed with an unpaired Student's z test . A
p value 20 .05 was considered Fiat significant. Values are
given as mean values ± SD .
interobserver variability . The stenosis morphology was
assessed indcpendcntly in random order by two experienced
angiographer, . The imerohsciver agreement for the entire
set of morphologic data was g6°T . Differences ( 19 of 140
sariables) were resolved in conference .
Results
The mean reference and minimal luminal diameters of the
dilated segments before . immediately and 24 h after angio-
plasty are shown in Figure 1 . For the entire group, the
m inhr.a l luminal diameter before angioplasty averaged 1 .12
o 0 .31 mm and the interpolated reference diameter 2 .95
0
.55 mm . The balloonlartery diameter ratio ranged from 0 .70
to 1
.25 (mean 0
.98 3
0 .16).
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Immediate interlace in minimal luminal diameter. After
angioplasty . the minimal luminal diameter was increased to
1 .91 x 0 .35 mm . resulting in a mean residual percent
diameter stenosis of 34
~
8%
. The difference between the
largest inflated balloon diameter and the minimal luminal
diameter averaged 0 .93 ± 0.43 mm immediately after the
procedure, which represents a loss of 32 s 12% of the
maximal diameter reached by the dilated arterial segment
during balloon inflation . This variable showed a significant
positive correlation with the hallonntanery diameter ratio
Ir = 0.57 . p < 0.011 . The influence of morphologic and
procedural variables is presented in Table I . The difference
between balloon diameter and the minimal luminal diameter
at the end of the angioplasty procedure was greater in
eccentric stenoses and in segments dilated by catheter with
an oversized balloon, The greatest loss was observed in the
subgroup or segments associating these two criteria 11 .33 t
0.37 mint and the lowest in the subgroup of concentric
stenoscs dilated with an undersized balloon 10 .57
-
0.39 mm, p < 0.0011 (Fig . 2)
.
Consequently, the percent
residual stenosis was more severe in eccentric than in
concentric stenoses (37 ! 69z vs . 28 _ 1174 ; p < 0,01) . When
the balloon
-
minimal luminal diameter difference was
expressed as a percent of maximal balloon diameter, the
difference between eceentrte and concentric stenoses Im-
mained highly significant (38 1. 109 vs. 25 11% : p <
0 .005) . The length and the severity of the stenosis . the
presence of angiitgraphically visible calcifications . vessel
distribution and total inflation time did not significantly affect
the magnitude of the balloon - minimal luminal diameter
difference .
Minimal luminal diameter at 24 h . At 24 h . the minimal
luminal diameter increased in all but two segments dilated
with an oversized balloon (1 .97 * 0 .37 vs . 1 .81 * 0.28 mm :
p < 0 .05) but remained unchanged in the subgroup of
patients whose vessel was dilates with an undersized balloml
(2.04 ± 0.26 vs . 2 .0) e : 9. tO mm) Mg . St. For the entire
study group, an increase. in reference di,csieter was ob .,ered
JACC Vvl. It, Is .. ;.
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0 .56 to 3.0E . 0.47 mm; p < 0 .051 . Conse-
quently . the percent residual stenosis tended to deteriorate
slightly in segments dilated with an
undersized balloon (35 ±
8 to 37 = 6%) but remained unchanged in segments dilated
with an oversized balloon (from 33 ± 9% to 33 '_ 10%) .
Interestingly, the increase in reference luminal diameter 24 h
after the procedure seemed to result mostly from an increase
at the poststenoric site because the increase in luminal
diameter of poststenotic segments was significant (2
.64
0.55 to 2 .82 - 0 .52 mm ; p < 0.005) compared with no
significant change in prestenetic segments (2 .94 ± 0 .50 to
3.01
.
0.48 mm), Despite these changes in luminal diameter .
the difference between inflated balloon diameter and the
minimal luminal diameter of the dilated segment 24 h after
angioplasty remained significantly larger in eccentric steno-
ses (1 .02 - 0.37 vs . 0.65 ± 0 .25 mm in concentric ; In < 0-011
6180100. Difference he meen inflated balloon diameter IBM and the
minimal luminal diameter IMLDI of the dilated coronary artery
segment at the end of the angioplasty procedure in subgroups of
concentric or eccentric srenases dilated with a catheter with an
nidersitrd ur an oversized balloon .
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Figure 3
. Differences between mm :mal luminal diameter of the
dilated coronary artery segment measured at the end of the angfo-
plasly procedure and 24 h later in subgroups of concentric or
eccentric social., dilated with a catheter with an undersized or an
oversized balloon .
and in segments dilated with an oversized balloon catheter
11
.05 ± 0
.41 vs. 0 .70
.
0 .21 mm in segments dilated with an
undersized balloon ; p < G .OII (Fig. 41. Percent residual
stenosis remained significantly more severe in dilated eccen-
tric than concemric stencises (37 *- 9Yr vs . 30 ± 5; p <
0.01) .
Discussion
Role or stenosis morphoIogy in recoil
. Mechanisms in-
volved in successful balloon dilation of stenotic lesions
include splitting or fracture of the alherosclerufic plaque .
dissection through the intima into the media and stretching
of media and adventitia of the artery (10)
. The relative
contribution of these dtfferenl mechanisms to the luminal
Figured, Difference betwcenogatcdballoondr amleri001 ord1he
minimal luminal diameter IMLDI of rho dilated coronary ar'erv
segment 24 h after the angioplasty procedure in su1sproup, of
concentric or eccentric stuccoes dilated with c catheter with an
undersized or an over iced balloon .
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increase is expected to differ according io the morphology of
the sicnola lesion, in eccentric slenoses, inflation of the
balloon catheter may result in overdistension of the normal
vessel wall segment and produce little or no damage to the
alimrosclerouc plaque itself
. Restitution of the elastic forces
resulting from overstrctching of the uninvolved arterial wall
,egment may be responsible for an immediate or progressive
loss of part of the luminal increase gained during balloon
inflation Such elastic recoil of the disease-free arterial
segment could explain the large difference between the
measured diameter of the inflated balloon catheter and the
minimal luminal diameter of the dilated segment after angid-
plasty . particularly in eccentric slenoses. Instead of being a
slow and progressive phenomenon, elastic recoil seems to
occur immediately after angioplasty because no further
decrease in rrunimal luminal diameter is observed 24 h after
the procedure
. In contrast, the minimal luminal diameter of
a dilated eccentric coronary segment tended to increase 24 h
after the procedure in parallel with the reference diameter,
the percent residual stenosis remaining unchanged . As a
result of greater recoil
. the percent residual stenosis was
more severe in eccentric than in concentric lesion, both
immediately and 14 h after the procedure.
Role of balloon size in recoil . Not surprisingly, the differ-
cnce between maximal balloon diameter and minimal lumi-
nal diameter after the procedure was more important in
arterial segments dilated with an oversized balloon
. A simi-
lar finding was recently reported by another group (I1) . Thia
observation suggests that the constraints developed by the
balloon catheter beyond the value required for splitting or
fracturing the atheresclerotic plaque are absorbed by the
elastic components of the media and adventitia to be re-
stored oiler balloon deflation
. Return of these elastic cents ,
parents to their unstrained dimensions results in a significant
decrease in luminal diameter after the procedure. Conse-
quently . a large part of the theoretic additional gain in
luminal diameter resulting from the use of an oversized
balloon is lost as a result of elastic recoil . A previous study
i I! has demonstrated that oversizing the balloon catheter is
associated with an increased incidence of complications
without reducing the rate of occurrence of restenusis fi
months after angioplasty . Moreover, the
percent residual
stenosis immediately after the procedure was similar in
arterial segments dilated with an undersized versus an over-
sized balloon catheter, a finding implicitly suggesting that, as
observed in our study recoil was more important in seg-
o
. ones dilated with an oversized balloon .
Changes in lumlnnl diameter after 24 h
. During the 1st
24 h a ter angioplasty, an increase in minimal luminal diam-
eter of segments dilated with an oversized balloon was
observed . This finding suggests that in addition to elastic
recoil
. reversible factors related to vessel barotrauma may
play a role in the residual luminal reduction observed imme-
diately after angioplasty in these patients. One such factor
may be temporary intramural or irtraplaque edema or bleed-
ing caused by overstretcitiag of the diseased segment . Their
E
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partial resorption 24 h alter the procedure could explain the
line inlprove,aent in residual luminal dlamelee . Another
explanation may be the presence immediately after the
procedure of intimal flaps within the lumen ufthe vessel that
would be plugrcssisely remodeled or worn away by blood
flow. The existence of some dcsquamation of endothelial
cells in the doled area with distal release of endulhelial
fragments and atherosclerotic debris has been demonstrated
in exec menial models (12,13) . Interestingly, by visual
impression, the borders of the dilated segments appear
smoother at gal h than immediatel, after the procedure in
many patients
.
A third hypothesis is temporary thrombus or platelet
deposition at the site of the dilated slenosis. The presence of
aggregated platelets and thrombus at the site of balloon
angioplasty has indeed been demonstrated (14) . .Alahough
the importance of these thrombotic manifestations is suscep-
tible to variations with t ime. i t seems unlikely that their
magnitude would systematically decrease 24 b after angir>-
plasty . Finally, despite the use of intraceronary nitrate
before acquisition of angiographic data, the possible exist-
ence of some localized vasoconstriction resistant to nitrate
at the site of the slenosis immediately after angioplasty
cannot be excluded. Nevertheless, whatever the role of
these possible influences, our data clearly demonstrate that
elastic recoil is an immediate phenomenon whose effects on
arterial segment diameter are maximal at the end of the
angioplasty procedure .
In parallel with these changes in minimal luminal diame-
ter, an increase in reference luminal diameter was observed
for the entire group 24 h after the procedure . Subsegmental
analysis of angiographie data demonstrates that this increase
in reference luminal diameter is mostly dependeul on pust-
stenotic subsegments . the changes in diameter of the pre-
stenotic segments remaining insignificant
. Because the influ-
ence of vasomotor tone on vessel diameter was minimized in
our protocol by the systematic use of iatracosonary nitrate
before angiography, these changes in vessel diameter must
he interpreted as the result of either changes in local hemo-
dynamic status or structural changes in the vessel wall . A
simple explanation may b, [liar the reduction in tmnsstenetic
gradient and the resulting increase in perfusion pressure
beyond the dilated stenosis are responsible for an increase in
transmaral pressure difference and a passive distension of
the distal coronary segment. Greater balloon nduced
barutrauma of poststenotic compared with prestenotic sub-
segments resulting from gradual tapering of coronary vessels
may also have contributed to this phenomenon .
Limitations of the study . Coronary angiogranls were ob-
tained in two near orthogonal projections to take into ac-
count the asymmetry of atherosclerotic lesions . However,
views of the inflated balloon were obtained in n single
projection, with a balloon cross section being assumed to be
circularat the maximal inflation pressure . Although balloons
filmed at their maximal inflation pressure appeared fully
expanded without visible indentation at the site of the
5ACC Vol . IN . No. 2
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stenosis in all cases, it is possible that constraints provided
by eccentric stenoses would have limited the expansion of
the balloon in some direction
. This could have exaggerated
differences between balloon and luminal diameters in some
cases, but in our opinion is unlikely to have resulted in a
systematic overestimation or undereslimatien .
By protocol . vessels with significant dissections were not
included in the analysis . Indeed, severe dissections are
unstable lesions associated with an increased risk of early
abrupt closure . €n addition, quantitative angivgraphic mea-
surements derived from automated contour detection algo-
rithms are thought to reflect the actual luminal diameters less
accurately in these cases (15) . The conclusions drawn from
this study thus should not be extrapolated to angioplasty
procedures resulting in large or spiral dissections
.
Clinical
implications . Lesion eccentricity is considered to
he a risk factor for coronary angioplasty, associated with an
increased incidence of complications 191 . Our data demon-
strate that the magnitude of elastic recoil after balloon
angioplasty is greater in eccentric compared with concentric
stenoses
. Oversizing the balloon in these cases with the
intention to reduce residual stenosis will further increase the
magnitude of recoil by overstretching the disease-free wall
segment. This may further increase the risk of dissection and
abrupt coronary occlusion
. In this context, new nonsurgical
techniques of myocardial revascularization such as direc-
tional coronary athereetomy 116) may be preferred to the
conventional approach by balloon angioplasty . particularly
when obtaining an optimal immediate result is critical .
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